.
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Executive Summary
During this century, human populations, and their demands for space, commodities and amenities from ecosystems, have increased by over five-fold. At the same time, evidence has mounted that there are limits to the stress such systems can withstand and still remain viable. We have witnessed the collapse of agricultural ecosystems in the southeastern United States and western "Dust Bowl," and watched the spread of desert into rangeland in the Southwest. That the frontier is gone is nowhere more vividly symbolized than in the western forests where our wish to sustain harvests from dwindling supplies of old-growth timber has run headlong into our legislated commitment to preserve the diverse biota comprising those ancient woods. Marine fisheries, once thought to be inexhaustible, are now impoverished, and access to these resources has become a matter of serious international dispute. The impact of forest management activities on breeding habitat for migratory fishes has driven home the daunting reality that the sustainability of many ecosystems depends on connections to other systems that extend well beyond individual ownerships, traditional borders of management jurisdiction, and even international boundaries.
In recent years, sustainability has become an explicitly stated, even legislatively mandated, goal of management agencies charged with the stewardship of natural resources. In practice, however, management strategies and tactics have often focused on maximizing short-term yield and economic gain, rather than long-term sustainability. Several factors contribute to this disparity between goals and practices, including: 1) gross undersampling of nearly all environments and consequent poverty of information on their biological diversity; 2) widespread ignorance of the function and dynamics of ecosystems; 3) the openness and interconnectedness of ecosystems on scales that exceed greatly the bounds of any management authority; 4) a prevailing public perception that exploitation of supposedly renewable resources has immediate economic and social value sufficient to outweigh the risks of damage to future ecosystem services or any alternative management goals of ecosystem integrity.
Defining Ecosystem Ma nag em en t
Ecosystem Management is management driven by explicit goals, executed by policies, protocols, and practices, and made -adaptable by monitoring and research based on aur best understanding of the ecological interactions and processes necessary to sustain ecssytem composition, structure, and function. Ecosystem Management does not focus primarily on the "deliverables" but rather on sustainability of ecosystem structures and processes necessary to deliver.
Ecosystem Management includes the following elements: 1. Sustainability. Intergenerational sustainability is a precondition for management rather than an afterthought. 2. Goals. Ecosystem Management is as applicable to intensive utilitarian objectives as it is to the conservation of pristine wilderness. Goals must be explicitly stated in terms of specific "desired future trajectories" and "desired future behaviors" for the ecosystem components and processes necessary for sustainability. Furthermore, these goals should be stated in terms that can be measured and monitored.
7. Humans as ecosvstem components. Ecosystem Management acknowledges the role of humans, not only as the cause of the most significant challenges to sustainability, but as integral ecosystem components who must be engaged to achieve sustainable management goals. 8. Adaptabilitv and accountabilitv. As in all areas of science, current models and paradigms of ecosystem function are provisional and subject to change. Ecosystem managers must acknowledge that our knowledge base is incomplete and subject to change. Management goals and strategies must be viewed as hypotheses to be tested by research and monitoring programs that compare specific expectations against objective measures of results.
* is no single appropriate scale or timeframe for management.
Ecological Science as a Basis for Ecosystem Management
An ecosystem is defined as, "a spatially explicit unit of the Earth that includes all of the organisms , along with all components of the abiotic environment within its boundaries" (Likens 1992) . Ecological systems vary continuously along complex gradients in space and are constantly changing through time. Furthermore, no ecosystem, including the entire biosphere, is closed with respect to exchanges of organisms, matter and energy. Nevertheless, ecologists do not define ecosystem boundaries in an arbitrary fashion.
Spatial and temporal scale are critical. Recognizing that' ecosystem function includes inputs, outputs, and cycling of materials and energy, as well as the interactions of organisms, ecosystem scientists define ecosystem boundaries operationally so as to most easily monitor or manipulate these processes. Boundaries defined for the study or management of one issue, process or element are often inappropriate for the study of others. It is the arbitrariness of jurisdictional boundaries relative to key ecological processes that mandates a broad view of Ecosystem Management.
Ecosystem-level science such as studies of entire watersheds, estuaries, or mean gyres has provided many important basic concepts to Ecosystem Management; however, an understanding of populations. communities, and landscapes is no less relevant to sustainable management.
Ecosvstem functioiz depends on its structure. diversitv and integritv. Human interests may focus on a relatively small subset of the organisms or functions comprising an ecosystem, but the overall complexity of such systems is critical to their sustainability. Thus, maintenance of biological diversity is an integral component of Ecosystem Management plans.
Biological diversity provides for both stability (resistance) for and recovery (resilience) from disturbakces that disrupt important ecosystem processes. Resistance Ecosystem Management--Page iv often results from complex linkages among organisms, such as food webs that provide alternate pathways for achieving particular flows of energy and nutrients. The presence of numerous organisms with similar capabilities also provides for ecosystem stability as well as optimal function.
The redistribution of species across the globe must be viewed as one of the most significant human impacts on ecosystems. The negative consequences of exotic species in both natural and managed ecosystems stand as stark testimony to the fact that the contribution of biological diversity to ecosystem function is not merely a function of the number of species present .
Management that acknowledges the significance of biolo_eical diversity is made all the more daunting by the fact that such diversity is itself a dynamc property of ecosystems affected by variations in spatial and temporal scale. Thus, management of species' populations and biological diversity requires a landscape-scale perspective and recognition that the complexity and function of any particular location is influenced heavily by the nature of the landscape (or seascape) that surrounds it.
Ecosvstems are dvnamic in space and time. Ecosystem management is challenging in part because we seek to understand and manage areas that change. Most observable and detectable ecosystem dynamics occur against a backdrop of continuous long-term change. Over shorter time scales (e.g., decades to centuries), the patterns apparent on many landscapes are influenced by natural disturbances that reset succession within all or a portion of an ecosystem. leading to mosaics of successional patches of different ages within and across landscapes. The importance of such patch dynamics to ecosystem structure and function has been demonstrated in terrestrial, aquatic, and marine ecosystems around the globe.
Over the four billion year history of the earth's biota, the earth's environment has changed dramatically. However, at no time have the earth's ecosystems experienced change at the rate at which it is occurring today. Furthermore, many changes such as extremes of land fragmentation and certain kinds of pollution have no precedent in the earth's evolutionary history. The rapidity of change as well as the novel character of many human impacts present special challenges to our ability to manage ecosystems sustainability .
Uncertainn. surprise and liniits to'knowledPe. There is much about the behavior of ecosystems that we have yet to learn, and significant challenges to learning it. Uncertainty derives from unpredictable processes and phenomena that produce unknowable responses and true surprises, limitations in our understanding of key processes, and errors in our measurements and deficiencies in the quality of data. Adaptive management is a process that combines democratic principles, scientific analysis, education and institutional learning to increase our understanding of key ecosystem processes and the consequences of management interventions, and improve the quality of data upon which decisions must be made. (Holling 1978 , Lee 1993 . Ecosystem management cannot eliminate surprises. Rather, it acknowledges that, given sufficient time and space, unlikely events are certain to occur.
Humans as Ecosystem Components
Ecosystem management is at least as much about managing human activities as much as it is about managing lands and waters. That h u m p demand for the goods and services will increase is certain and makes sustainable ecosystem management all the more compelling and important. The reality that the resources upon which our populations depend are delivered from ecosystems in finite quantity has never been more clear. Even more daunting is the reality that the capacity for delivery of such resources is not distributed uniformly across the globe or in patterns the necessarily correlate with the areas of greatest human demand.
The mismatch between the spatial and temporal scales at which humans make resource management decisions and the scales at which ecosystem processes operate presents the most significant challenge to ecosystem management. Boundaries between ownerships and jurisdictions rarely match with the domain of ecosystem processes. Such mismatches are often at the basis of human conflict. Such resource disputes demonstrate the limitations of human institutions to achieve consensus regarding the setting and achieving of resource management goals and objectives across increasingly large scales of time and space.
To say that ecosystem management is about managing human activities, is not necessarily to call for increased regulation or "command and control." Concerns such as the rights of private property owners and local loss of jobs are not likely to diminish and ecosystem management must include strategies that deal positively with those concerns.
Science as a Model for Ecosystem Management.
Like scientists, managers, as well as those they serve, must accept that knowledge and modes of understanding related to ecosystem function and best management practice are provisional and subject to change with new information. In this context, management goals, protocols, and directives should be viewed as hypothetical means to achieve clearly stated operational goals. Monitoring programs then represent specialized kinds of research programs designed to test the hypothesis that current management will achieve the desired goals. Timely feedback to managers of monitoring data and information is critical.
Implementing Ecosystem Management.
Ecosystem management requires application of ecological science to natural resource actions. Moving from concepts to practice is a daunting challenge and will certainly require the following steps and actions.
Defining Sustainable Goals and Objectives. Ecosystem management does not deny the need or wish to harvest fiber from our forests, fish from our coastal waters or lakes, or energy from rivers and streams, it simply confronts the reality that in order to meet these needs or wants sustainably, we must value our ecosystems for more than economically important goods and services. Sustainable strategies for the provision of ecosystem goods and services cannot take as tlzeir starting points statements of need or want such as mandated timber supply, water demand, or arbitrarily set harvests of shrimp or fish. Rather, sustainability must be the primary objective, and levels of commodity and amenity provision adjusted to meet that goal.
However good our intentions, management that focuses on commodity resources alone, that does not acknowledge the importance of diversity and complexity, that is not aware of influences of and impacts on surrounding areas, and that concerns itself with short time frames is not likely to be sustainable in the long term.
Reconciling Spatial Scales. Implementation of Ecosystem Management would be greatly simplified if the spatial scales and borders of management jurisdictions were congruent with the behavior of processes central to sustained ecosystem function. This is rarely the case for any particular ecological process, and, given the variation in spatial domain among processes, a perfect fit for all processes simultaneously is virtually impossible. Thus, reconciliation of objectives and actions of the various stakeholders within the domain of an ecosystem must be a central element in implementation of sustainable management strategies.
Reconciling Temporal Scales. Ecosystem management must deal with timescales that transcend human lifetimes and almost certainly exceed the timelines for other political, social and economic agendas. Public and private management agencies are often forced to make fiscal year decisions about resources whose behavior is better measured in centuries. Ecosystem Management--Page vi Given sufficient time and space, unlikely events are certain to happen, however, managers are rarely prepared for such surprises.
To implement Ecosystem Management, we must develop strategies that incorporate long-term planning and commitment, while recognizing the need to make short-term decisions. Ecosystem management is not an antidote for surprise; rather, it is an approach to management that acknowledges that unlikely events do happen (Holling 1994) .
Making the System Adaptable and Accountable. Successful ecosystem management depends on institutions that are adaptable to variations and changes in ecosystem characteristics, as well as changes in our knowledge base. That management should be viewed as experimental, is not to advocate capricious implementation of untried or avant garde actions. It is rather to acknowledge the limits of our understanding of the consequences of even conventional management procedures to the complex array of ecosystem components and processes necessary for sustained function.
* The Role of Scientists in Ecosystem Management. "Science as a model for ecosystem management" rings a bit hollow without attention to scientist's involvement with managers and the public in adaptive management processes. Ecological science is critical to the development and refinement of models necessary for effective management. But, while management may be starved for information, the needs are often quite particular. Communication must flow in both directions, and the scientific community must understand what pieces of information are critical and be willing to prioritize its research accordingly.
Scientists have much to offer in the development of monitoring programs. They can assist in the development of sampling approaches and statistical analyses that will increase precision and minimize bias. Models can help in the identification of key indices of ecosystem function that can reduce monitoring costs.
We must develop improved means to communicate effectively and clearly the results of management experiments, as well as basic research. This may call for the development of a new type of professional with an understanding of the scientific, management, and social issues, and the ability to communicate with scientists, managers, and the public. The need for adaptive management is certainly a persuasive argument for a continuous training philosophy aimed at keeping managers and researchers informed as our needs and knowledge base change.
Introduction
We should manage so as not to deny future generations the opportunities and resources we enjoy today.
A century ago, only a few prescient individuals were concerned about the sustainability of the variety of ecosystems that provide the commodities and services upon which humans depend. Large expanses of "the frontier" remained, the sea was considered unexplored and underexploited and the natural world was seen solely as a cornucopia whose raison d'efre was to provision human needs, as well as an infinite sink for human wastes and pollutants. * During this century, human populations, along with their demands for space, commodities and amenities from ecosystems, have increased by over five-fold (e.g., Karlin 1995) . At the same time, evidence has mounted that there are limits to the stress such systems can withstand and still remain viable. We have witnessed the collapse of agricultural ecosystems in the southeastern United States and western "Dust Bowl," and watched the spread of desert into rangeland in the Southwest. That the frontier is gone is nowhere more vividly symbolized than in the western forests where our wish to sustain harvests from dwindling supplies of old-growth timber has run headlong into our legislated commitment to preserve the diverse biota comprising those ancient woods. Marine fisheries, once thought to be inexhaustible, are now impoverished, and access to these resources has become a matter of serious international dispute. The impact of forest management activities on breeding habitat for migratory fishes has driven home the daunting reality that the sustainability of many ecosystems depends on connections to other systems that extend well beyond individual ownerships, traditional borders of management jurisdiction, and even international boundaries.
We should manage so as not to deny future generations the opportunities and resources we enjoy today. At its core, ecosystem management assumes that intergenerational sustainability must be a precondition rather than an afterthought, not only for the continued production of "goods" or commodities, but also for the maintenance of critical "services" that ecosystems provide (Box 1). Goods represent those items that we commonly buy and sell and have monetary-value in the market place. Society also depends on the services that ecosystems provide such as clean air and water, which we value but are not typically given monetary value. All of these goods and services derive from a diverse array of functions performed by ecosystem.
We rely on highly managed ecosystems such as croplands, estuarine aquacultural systems, or forest plantations for producing ecosystem goods; however, the sustainability of such intensively managed ecosystems is largely dependent on the matrix of less managed ecosystems in which they are embedded (e.g., Lubchenco et al. 1993) .
In recent years, sustainability has become an explicitly stated, even legislatively mandated, goal of management agencies charged with the stewardship of natural resources.
In practice, however, management strategies and tactics have often focused on maximizing short-term yield and economic gain, rather than long-term sustainability. Several factors contribute to this disparity between goals and practices, including: 1) gross undersampling of nearly all environments and consequent poverty of information on their biological diversity; 2) widespread ignorance of the function and dynamics of ecosystems; 3) the openness and interconnectedness of ecosystems on scales that exceed greatly the bounds of any management authority; 4) a prevailing public perception that exploitation of supposedly renewable resources has immediate economic and social value sufficient to outweigh the risks of damage to future ecosystem services or any alternative management goals of ecosystem integrity. Box 1. Ecosystem Goods and Services. Healthy ecosystems perform a diverse array of functions that provide both goods and services to humanity. Here, goods refer to items given monetary value in the market place, whereas the services from ecosystems are valued, but rarely bought or sold. Ehrlich and Ehrlich 1991 , Lubchenco et al. 1993 , and Richardson 1994 Over a century of ecological research and natural resource management experience have taught us that ecosystems are far more complex and difficult to manage than was thought at the time that resource management agencies such as the Forest Service, National Park Service and National Marine Fisheries Service were established. With limited understanding of the importance of diversity and complexity in ecological systems, utilitarian management has generally proceeded on the notion that we can simplify the structure and composition of ecosystems to achieve efficient production of specific goods such as timber, shellfish, or agricultural crops at no risk t0,sustainability. Our grossly inadequate understanding of the important role of natural disturbance processes to sustained ecosystem function certainly supported so-called "object oriented" management protocols for our wilderness parks that denied their ever-changing character (Agee and Johnson 1988) .
Ecosystem
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Ecological understanding and models of ecosystem function are provisional and subject to change. However, mechanisms for adjustment of management goals and strategies as ecosystems change and as our knowledge base improves are often limited and in some cases nonexistent. Recent reports of the National Academy of Sciences (National Research Council 1990 and 1992a) 
Defining Ecosystem Management
No fewer than eighteen Federal agencies have committed to the principles of ecosystem management (Congressional Research Service 1994) . Similar commitments have been made by a variety of state and local land managers, nongovernmental organizations, and corporations involved in natural resource management. Furthermore, elements of ecosystem management are mandated for federal lands in a number of important pieces of legislation (Appendix I). Nevertheless, there is little agreement on the exact meaning of this phrase (Box 2.). This diversity of definitions brings to mind the fable of the six blind men and the elephant, with each definition reflecting the specific perspective, agenda or interest of the author. However, a7cynic might claim that, rather than touching different parts of the ecosystem management elephant, each "blind man" is grabbing a different item and claiming to have grabbed an elephant.
, So, what is the elephant? Franklin (1994) suggested that ecosystem management is 'I... managing ecosystems so as to assure their sustainability." Sustainability is indeed _. the central goal or value of ecosystem management. Notions of sustainability are at least implicit in other management protocols or schemes; however, the focus is typically on sustaining the delivery of desired goods and services. Ecosystem Management is management driven by explicit goals, executed by policies, protocols, and practices, and made adaptable by monitoring and research based on our best understanding of the ecological interactions and processes necessary to sustain ecosystem structure, and function. Ecosystem Management does not focus primarily on the "deliverables" but rather on sustainability of ecosystem structures and processes necessary to deliver.
Some might claim that, because we have been involved in management activities in ecosystems, "we have been doing ecosystem management all along." However, the mere fact that one is involved in the management or manipulation of an ecosystem such as a lake or a watershed does not by itself qualify as ecosystem management.
Ecosystem 1. Sustainability. Ecosystem management assumes intergenerational sustainability (Lubchenco et al. 1991) as a precondition for management rather than an afterthought. Thus, the manager accepts the responsibility up front of managing in such a way as to ensure the opportunities and resources we enjoy today to future generations.
2. Goals. Ecosystem management is as applicable to intensive utilitarian objectives as it is to the conservation of pristine wilderness; however, goals should not focus exclusively on "deliverables" such as board feet of timber, bag limits, or visitor days. Goals must be explicitly stated in terms of specific "desired future trajectories" and "desired future behaviors" for the ecosystem components and processes necessary for sustainability. Furthermore, these goals should be stated in terms that can be measured and monitored.
3. Sound ecological models and understanding. Ecosystem management is based on sound ecological principles and emphasizes the role of processes and interconnections. Ecosystem management should be rooted in the best current models of ecosystem function. The name "Ecosystem Management" is confusing and has been taken by some to suggest that only science done at the ecosystem level is relevant. Ecosystem Management depends on research performed at all levels of organization, from investigations of the morphology, physiology and behavior of individual organisms, through studies of the structure and dynamics of populations and communities, to analysis of patterns and processes at the level of ecosystems and landscapes.
4.
Complexitv and connectedness. The importance of ecosystem complexity and the vast array of interconnections that underlie ecosystem function is certainly one of the most important lessons of ten decades of ecological research and natural resource management experience. Biological diversity and structural complexity of ecosystems are critical to such ecosystem functions as primary production and nutrient cycling. Complexity and diversity also impart resistance to and resilience from disturbance, and provide the genetic resources necessary to adapt to long-term change. Extractive or utilitarian management systems such as agriculture, aquaculture or p!antation forestry that explicitly reduce complexity and diversity in order to increase productivity of particular ecosystem components may be deficient in key ecosystem functions and, therefore, less stable than intact and diverse natural ecosystems.
With complexity comes uncertainty. Some of our uncertainty regarding or lack of precision in predicting ecosystem behavior derives from the fact that we do indeed have more to learn. However, we must recognize that there will always be limits to the precision of our predictions set by the complex nature of ecosystem interactions and strive to understand the nature of those limits. Ecosystem management cannot eliminate surprises or uncertainty; rather, it acknowledges that, given sufficient time and space, unlikely events are certain to happen.
5 . Recoznition of the dvnamic character of ecosystems. Sustainability does not imply maintenance of the status quo. Indeed, change and evolution are inherent characteristics of ecosystems, and attempts to "freeze" ecosystems in a particular state or configuration are generally futile in the short term and certainly doomed to failure in the long term. Crises associated with the management of our forests, fisheries, and wildlife have driven home the points that individual resources cannot be managed outside of the context of the full array of ecosystem components and processes and that the spatial and temporal domains of critical ecological processes are rarely congruent with the spatial boundaries and temporal schedules of management.
6. Context and scale. Ecosystem processes operate over a wide range of spatial and temporal scale, and their behavior at any given location is very much affected by the status and behavior of the systems or landscape that surrounds them. There is no single appropriate scale or timeframe for management. Our ignorance of the importance of processes operating over ranges of spatial and temporal scale permitted society to define the boundaries of management jurisdictions with little or no reference to such processes. The importance of context in determining the behavior of ecosystems at a particular location has been the impetus for the advocacy of a "landscape approach" in terrestrial ecosystems (e+, Noss 1983, Noss and Harris 1986) and the development of the "large marine ecosystem concept" (Sherman et al. 1990 ).
7. Humans as ecosystem components. Ecosystem Management acknowledges the role of humans, not only as the cause of the most significant challenges to sustainability, but as integral ecosystem components who must be engaged to achieve sustainable management goals (McDonnell and Pickett 1993) . Human effects on ecosystems are ubiquitous. While we should strive to mitigate deleterious impacts, current trends in population growth and demand for natural resources will undoubtedly require more intensive and wiser management, particularly to support human needs in a sustainable way. Thus, identifying and engaging stakeholders in the development of management plans is a key ecosystem management strategy. Humans who are part of the ecosystems will, of necessity, define the future of those ecosystems.
With regard to trends in human demands on our planet's resources, we should view ecosystem management as necessary but not sufficient to achieve long-term sustainability.
*
We must also address such daunting issues as human population growth, poverty, and human perceptions regarding the use of energy and natural resources.
8. AdaDtability and accountabilitv. As in all areas of science, current models and paradigms of ecosystem function are provisional and subject to change. Ecosystem managers must acknowledge that our knowledge base is incomplete and subject to change. Management goals and strategies must be viewed as hypotheses to be tested by research and monitoring programs that compare specific expectations against objective measures of results (Holling 1978 and Likens 1992) .
Adaptability and accountability are central elements of ecosystem management. Managers must be able to adapt to the unique features or n,eeds of a particular area and to inevitable temporal changes as well. Management mustdso be able to adapt to new information and understanding. To be adaptable and accountable, management objectives and expectations must be explicitly stated in operational terms, informed by the best models of ecosystem function, and tested by carefully designed monitoring programs that provide accessible and timely feedback to managers. Public understanding and acceptance of the experimental nature of all natural resource management are critical to the implementation of ecosystem management protocols.
Our own impacts on this planet's ecosystems make such adaptive management all the more compelling. The earth's ecosystems are being modified in new ways and at faster rates than at any other time in their nearly four billion year history. These new and rapid changes present significant challenges to our ability to predict the inherently uncertain responses and behaviors of ecosystems.
Ecological Science as the Basis for Ecosystem Management

What is an Ecosystem?
An ecosystem is defined as, "a spatially explicit unit of the Earth that includes all of the organisms, along with all components of the abiotic environment within its boundaries" (Likens 1992) . Although the word "ecosystem" is appropriately attributed to Sir Arthur Tansley (1 935), underlying concepts such as hierarchical organization of individuals, populations and communities and the functional connections between the biota and the abiotic environment are implicit in the writings of Mobius (1877), Forbes (1887), Cowles (1898), and Clements (1916) , among others. E.P. Odum and H.T. Odum, through their many papers and books, moved the ecosystem concept into the mainstream of ecological science (see Hagen 1992 and Golley 1993 for recent reviews of the history of ecosystem ecology).
Managed ecosystems can be arrayed along a gradient of impacts and inputs or subsidies (Box 3.) To sustain heavily managed ecosystems such as cities, heavy subsidies of energy and materials must be imported from other ecosystems. The need for such subsidies diminishes as the intensity of use diminishes.
Nature has not provided us with a natural system of ecosystem classification or rigid guidelines for boundary demarcation. Ecological systems vary continuously along complex gradients in space and are constantly changing through time. Furthermore, no ecosystem, including the entire biosphere, is closed wieh respect to exchanges of organisms, matter and energy. Nevertheless, ecologists do not define ecosystem boundaries in an arbitrary fashion. Recognizing that ecosystem function includes inputs, outputs, and cycling of materials and energy, as well as the interactions of organisms, ecosystem scientists define ecosystem boundaries operationally so as to most easily monitor, study or manipulate these processes. Thus, depending on the process of central interest, a dung pile or whale carcass are ecosystems as much as a watershed or a lake.
Boundaries defined for the study or management of one issue, process or element are often inappropriate for the study of others. For example, watersheds represent a useful unit for the study of water and nutrient fluxes driven by hydrology, but may not be ideal for studies of trophic dynamics in areas where animals move over large distances. Likewise, they represent a useful unit for management of stream water quality but are less useful for the management of large vertebrate ungulates or chivores.
It is desirable, but not always possible to define the boundaries of natural resource jurisdictions so as to manage most easily the processes necessary to achieve our management goals. However, it is the arbitrariness of jurisdictional boundaries relative to key ecological processes that mandates a broad view of ecosystem management.
Scales of Organization
Ecosystem-level science such as studies of entire watersheds, estuaries, or ocean gyres has provided many important basic concepts to ecosystem management; however, an understanding of populations, communities, and landscapes is no less relevant to sustainable management (Box 4.). Challenges, such as the management of wildlife populations or development of a recovery plan for an endangered species, may present themselves at one scale of organization, but a complete understandicg or resolution of issues usually requires integration across several scales and levels of organization. To determine mechanisms, we must often investigate processes operating at lower levels of organization (say physiolorgy or reproductive biology in the endangered species populations) as well as appreciate the context or higher levels of organization within which the processes operate (O'Neill et al. 1986 ).
Our ignorance of the importance of processes operating over wide ranges of spatial and temporal scale permitted us to define the boundaries of management jurisdictions with little or no reference to such processes, Rivers may provide convenient boundaries between countries, counties, and other political jurisdictions but, because they bisect watersheds, they are very poor boundaries for managing most ecosystem processes. The 200-mile territorial fishing limits were established with little reference to the behavior of the resource to be managed or the processes affecting those resources. Finally, budgeting strategies that are focused on fiscal years or the timing of political elections often drive short-term decisions regarding natural resource use that are not congruent with processes that operate over decades and centuries.
Ecosystem function depends on its structure, diversity and integrity.
While human interests may focus on a relatively small subset of the organisms or functions comprising an ecosystem, the overall complexity of such systems is critical to their sustainability. Thus, maintenance of biological diversity is an integral component of ecosystem management plans. Biological diversity is the variety of life and its processes, including the variety of living organisms and the genetic differences among them, and the communities, ecosystems, and landscapes in which they occur (Keystone Center 199 1) . Included in this definition of biological diversity is a recognition of the importance of biotically derived physical structures such as logs and corals.
Box 4. Connections between population dynamics and ecosystem processes: Trophic Cascades in Lakes.
To address ecosystem-level processes, we must understand the dynamics of lower-levels of ecological organization such as communities and populations.
Trophic cascades are striking illustrations of the links between population dynamics and ecosystem processes (Paine 1980) . Big changes in fish populations at the top of the food web can alter planktivory, herbivory, primary productivity and nutrient cycling rates in lakes (Carpenter and Kitchell 1993) . The changes in fish populations that trigger cascade5 :an be caused by harvesting, fish management, species introductions, fish kills, 01 recruitment events. Although nutrient inputs are the principal driver of lake ecosystem productivity, variability in the food web accounts for a large fraction of the variance in production that cannot be explained by nutrients (Carpenter and Kitchell 1993) .
Biomanipulation is the deliberate creation and maintenance of trophic cascades tc improve water quality in lakes (Shapiro et al. 1975 , Gulati et al. 1990 , Kitchell 1992 . Biomanipulation can also improve sport fishing (Kitchell 1992) . However, outcomes of 3iomanipulation field trials have been varied and may depend on magnitude of nutrient .oad, depth, availability of refuges for herbivores, and the extent to which iooplanktivorous fish can be harvested or controlled by piscivores (Gulati et al. 1990 ).
[ncreased harvest of piscivores by sport anglers may foil biomanipulation in North 4merican lakes (Johnson and Carpenter 1994) . Thus biomanipulation of lakes sometimes ;ucceeds in improving water quality, and other times fails.
Links between populations and ecosystem processes influence most of earth's mvironments (Jones and Lawton 1994). Analogues of biomanipulation may be possible in iome terrestrial and marine ecosystems, but these are largely unexplored and we should be :autious at this time.
Biological diversity is central to the productivity and sustainability of the earth's ecosystems. Organisms and biological structures and processes are the means by which the physical elements of the ecosystem are transformed into the goods and services upon which humankind depends. Specific examples of the role of biodiversity in ecosystem function include providing for 1) essential processes, 2) ecosystem resistance to and recovery from disturbances, and 3) adaptability to long-term changes in environmental conditions. There is an extensive literature on the recognized or potential importance of individual species (e.g. Wilson 1992) so we emphasize the contribution of biodiversity to ecosystem processes.
Many of the numerous and important roles of the variety of species in carrying out ecosystem functions are obvious. Photosynthesis is the primary basis for primary productivity--the capture of physical energy and its conversion to organic structures--on earth. Another critical role of organisms is in decomposition--the breakdown of organic structures into their physical elements, including mineral nutrients and energy. Organisms create structures and communities which interact with and alter the physical world and provide habitat for other organisms that fulfill additional functions. This biotic complexity has important influences on the hydrologic cycle, through condensation, interception and evapotranspiration, and on geomorphic processes, such as erosion.
A simplistic emphasis on the roles species play in ecosystems may lead some to ask, "how many species are needed to maintain key ecosystem functions,'' the implication being that we could sustainably manage for some specific number or set of species. This
Box 5. Structural Diversity and Ecosystem Function (Old Growth Photo)
The structural complexity and diversity of ecosystems directly influence the patten and rate of many ecosystem processes as well as providing habitat for organism: which maintain important processes. Structural complexity in natural forests include! trees of varying size, condition, and species, standing dead trees, and logs and woodj debris on the forest floor, as well as multiple canopy levels and canopy gaps. Thi: structural complexity is critical in providing unique habitats for a large array of organisms many of which have highly specialized habitat requirements. Some of these organism: carry out key ecosystem functions. For example, lichens dwelling in the forest canopj convert atmospheric nitrogen into biological useful forms. Structural complexity oj forests is also itself important in maintaining and regulating processes, such as aspects ol the hydrologic cycle. question presumes that: 1. we know all of the individual functions or roles that comprise overall ecosystem function; 2. species within an ecosystem are analogous to job categories within a factory and there is a one-to-one overlay of species and specific functions; 3. ecosystems do not change in ways that influence which species are best able to carry out key roles. These assumptions are clearly not met in any ecosystems. We must acknowledge the importance of complexity of species interactions that underlie ecosystem functions and the role that diversity plays in maintaining function across complex environmental gradients through space and time.
Biological diversity provides for both stability (resistance) for and recovery (resilience) from disturbances that disrupt important ecosystem processes. Resistance often results from complex linkages among organisms, such as food webs that provide alternate pathways for achieving particular flows of energy and nutrients. The presence of numerous organisms with similar capabilities--sometimes inappropriately viewed as redundancies-also provides for ecosystem stability as well as optimal function. For example, the presence of numerous fungal species capable of forming mycorrhizae in a terrestrial ecosystem buffers it against the loss of individual species and make total loss of mycorrhizal function unlikely; the presence of numerous species also makes it more likely that important processes (such as moisture and nutrient uptake) will be optimized in the face of seasonal, annual and longer-term climatic variations. Diversity-related resistance is particularly relevant to the management of agricultural and forest ecosystems with respect to the minimization of spread of species-specific pathogens and "pest" insects. While monocultures may result in high levels of production of specific products or resources, they present much higher risks from such infestations than more complex systems. The importance of species diversity to the ability of ecosystems to recover ecosystem functions such as productivity following a disturbance or perturbation has been convincingly demonstrated in long-term studies of productivity responses to drought in grasslands (Tilman and Downing 1994) .
Long-term adaptations of ecosystems to changes in climate and other environmental variables are primarily dependent upon available biological diversity. Obviously, greater numbers of species and greater genetic variability within species provides for a larger number of biological building blocks for ecosystem response and species evolution. Given ever-changing environments, the capacity to adapt is central to the long-term sustainability of ecosystem function. Long-term pollen profiles suggest that relatively unimportant species restricted to particular microsites during one climatic regime may become important and more widespread as the climate shifts (e.g., Delcourt and Delcourt 1991) . The reservoir of genetic diversity within individual species and populations is clearly central to their ability to adapt to environmental change (e.g., Antonovics 1968) . In view of this, focus on so-called "improved" genotypes of crop plants and forest trees has raised concern regarding the loss of genetic diversity that might be important if the same species are to be maintained under future conditions.
Two additional important biodiversity considerations relate to uncertainties regarding 1) its distribution and functional importance and 2) the complex relationships of organisms to ecosystem structure and function. The first issue goes far beyond our inadequate catalog of species to the fact that we are still in the process of recognizing whole ecosystems and subsystems and their constituent organisms and functions. Examples include the recent recognition of the biological diversity and ecosystems associated with deep marine thermal vents, the hyporheic zones of streams and rivers, terrestrial belowground (soil) environments, and high forest canopies. Much new information is emerging on the second issue, but our understanding of interrelationships is still highly incomplete. Consider, for example, that the importance of the dead tree and its derivative structures has only recently been recognized by foresters and forest ecologists (see Box 5). Given these uncertainties, a highly conservative approach to retention of biological diversity is warranted.
The redistribution of species across the globe must be viewed as one of the most significant human impacts on ecosystems. The negative consequences of exotic species in both natural and managed ecosystems (e.g., Vitousek 1990 and D'Antonio and Vitousek 1992) stand as stark testimony to the fact that the contribution of biological diversity to ecosystem function is not merely a function of the number of species present (Box 6.).
In the short term, ecosystem management that is focused on the maintenance of biological diversity and ecosystem complexity may be seen to have "economic opportunity costs" in relation to resources not immediately exploited or compromises to commodity production. History has demonstrated that over exploitation of resources resulting in diminished diversity often has both ecological and economic long-term opportunity costs that far exceed the short-term benefits. Attention to these latter costs is at the core of ecosystem management's focus on sustainability. The fact that they are usually more difficult to quantify than short-term benefits in no way diminishes their importance.
Management that acknowledges the significance of biological diversity is made all the more daunting by the fact that such diversity is itself a dynamic property of ecosystems affected by variations in spatial and temporal scale. On a relatively local scale, such as a hectare of forest or a small portion of an estuary, species populations may rise, fall or even Box 6. Exotic Species in Lake Michigan go locally extinct as environments change. On a regional scale species populations are less variable because of the connections among habitats and the ability of species to migrate and reestablish.
The food web of Lake Michigan has been completely reconfigured by exotic specie invasions, fishing, and stocking of sport fishes. Overharvest and the parasitic sea lampre:
Residual native species may prove crucial for stabilizing fish production in the Grea Lakes. In Lake Michigan, heavy stocking of salmonids has been followed by severc declines of alewife but compensatory increases in populations of native bloaters. Thc resurgence of bloaters has stabilized the forage base and the fishery. In Lake Ontario trajectories of salmonids and alewife appear to be following those of Lake Michigan, bu native bloaters are a minor component of the food web and may be incapable of preventing :he collapse of the salmonid fishery if the alewife forage base disappears.
Biodiversity provides options for reconfiguring lake ecosystems when the environmeni changes (Carpenter et al. 1995) . In the Great Lakes, a diverse forage base makes the ecosystem and the salmonid fishery less vulnerable to unexpected disturbances. Fragmentation of landscapes effectively reduces the size of landscape units as well as diminishing the continuity of habitat. The result is that populations are at greater risk of local extinction because of reduced population sizes and that such extinctions have a greater likelihood of being permanent because of impediments to migration. Thus, management of species' populations and biological diversity requires a landscape-scale perspective and recognition that the complexity and function of any particular location is influenced heavily by the nature of the landscape (or seascape) that surrounds it.
Ecosystems are Dynamic in Space and Time
Ecosystem management is challenging in part because we seek to understand and manage areas that change. The species assemblages observed today in many terrestrial and freshwater ecosystems are relatively recent (e.g., Delcourt and Delcourt 1991) . Many have formed only in the last 10,000 yr and reflect individual species responses to changes in the global environment. We are just beginning to understand the complexity and scales of change that occur in marine ecosystems ranging from seasonal variations in currents and sea temperature, to periodic events like the el NEo /Southern Oscillation cycle, to long-term changes and large-scale changes, such as those driven by variations in salinity and ocean temperature.
Most observable and detectable ecosystem dynamics occur against a backdrop of continuous long-term change. Over shorter time scales (e.g., decades to centuries), the patterns apparent on many landscapes are influenced by natural disturbances (e.g., Watt 1947 , Connell and Slatyer 1975 , Bormann and Likens 1979 , Sousa 1979 , White 1979 , Mooney and Godron 1983 , Pickett and White 1985 , Turner 1987 , Baker 1989 . Disturbances reset succession within all or a portion of an ecosystem, leading to mosaics of successional patches of different ages within and across landscapes. The importance of such patch dynamics to ecosystem structure and function has been demonstrated in a variety of situations including marine intertidal ecosystems (Sousa 1979 and Paine and Levin 1981) , old-growth forests of New England (Foster 1988) , and subtropical pine and hardwood forests of central Florida (Myers 1985) .
Change is the normal course of events for most ecological systems (Connell and Sousa 1983) . The science of ecology increasingly is recognizing the dynamic nature of ecological systems and is embracing a broader view of natural dynamics (see Lubchenco et al. 1991) . However, some discussion of the concept of equilibrium is warranted because past resource management decisions have often been based on the assumption that there is some constant or desirable ecological state. The notion of equilibrium in ecological systems has inspired a long history of interest and controversy (e.g., Egerton 1973 , Bormann and Likens 1979 , Connell and Sousa 1983 .
The properties that have been used to evaluate equilibrium fall into two general categories (Turner et al. in press) : persistence (i.e., non-extinction) and constancy (Le., no change or minimal fluctuation in numbers, densities, or relative proportions). Persistence might refer to all species, as emphasized in many population-oriented models (e.g., DeAngelis and Waterhouse 1987), or the presence of all stand age classes or successional stages in a landscape (e.g., Romme 1982) . Constancy may refer to the number of species (e.g., MacArthur and Wilson 1967) , the density of individual species (e.g., May 1973), the standing crop of biomass (e.g., Bormann and Likens 1979) , or the relative proportions of seral stages on a landscape (e.g., Romme 1982 , Baker 1989a . Botkin and Sobel (1975) suggested that a system that changes but remains within bounds is a stochastic analog of equilibrium that is much more suitable for ecological systems. Empirical studies have increasingly demonstrated either a lack of equilibrium (e.g., Romme 1982, Baker Ecosystem Management--Page 14 1989a, b) or equilibrium conditions that are observed only at particular scales (e.g., Stan 1982, O'Neill et al. 1986 ).
The dynamic nature of ecological systems and the importance of spatial and temporal scale as it affects conclusions regarding equilibrium states must be recognized explicitly. The concept of "homeorhesis" (see O'Neill et al. 1986 ), the tendency of a perturbed system to return to its preperturbation trajectory or rate of change rather than "homeostasis," the tendency to return to some predisturbance state, seems appropriate for ecological systems. Homeorhetic stability implies return to normal dynamics rather than return to an artificial "undisturbed" state. Ecosystem stability can also be thought of in terms of the rate of return after perturbation (resilience or "adjustment stability, " Margalef 1968) and the ability of an ecosystem to resist the forces of change acting on it (resistance, or "resistance stability, " Sutherland 1974) .
Ecological systems do not exhibit an undisturbed "state" that can be maintained indefinitely. Rather, they exhibit a suite of behaviors over all spatial and temporal scales, and the processes that generate these dynamics should be maintained. Thus, Holling (1995) has suggested that ecosystem resilience should be viewed as the magnitude of disturbance that can be absorbed before the variables and processes that control behavior change.
The argument often arises that certain intensive management practices such as fishing or logging simulate the effects of and are reasonable surrogates for natural processes such as predation or fire. At a superficial level, there are indeed some similarities. For example, logging can (though not always) have the effect of reducing flammable fuels (e.g., Lippke and Oliver 1993) . If fire's only functional role on landscapes was organic matter oxidation and fuel reduction, then logging might be viewed as a replacement for wildfire. However, the various impacts of fire on such processes as nutrient transfer, and postfire energy balance, as well as the variety of so-called "legacies" such as woody debris and snags (Franklin 1993 ) that persist from one disturbance cycle to the next, are vastly different from logging. Thus, the substitutability of human management for natural disturbance must be understood in the context of management goals and impacts on the full array of ecosystem functions.
Extreme fluctuation is abnormal in most ecosystems and, when caused by human activity, is what often threatens ecosystem function. As pointed out by Pickett et al. (1993) :
The new paradigm in ecology can, like so much scientific knowledge, be misused. If nature is a shifting mosaic or in essentially continuous flux, then some people may wrongly conclude that whatever people or societies choose to do in or to the natural world is fine. The question can be stated as, "If the state of nature is flux, then is any human-generated change okay?" ... The answer to this question is a resounding "No!" .... Humangenerated changes must be constrained because nature has functional, historical, and evolutionary limits. Nature has a range of ways to be, but there is a limit to those ways, and therefore, human changes must be within those limits. Over the four billion year history of the earth's biota, the earth's environment has changed dramatically. However, it is likely the earth's e$osystems never experienced change at the rate at which it is occurring today. Furthermore, many changes such as extremes of land fragmentation and certain kinds of pollution have no precedent in the earth's evolutionary history. The rapidity of change as well as the novel character of many human impacts present special challenges to our ability to manage ecosystems sustainability . Nearly a century of fire suppression has presented a serious challenge to efforts tc assure the long-term sustainability of the conifer forests of the Sierra Nevada. Disruption of a prehistoric fire regime characterized by frequent low intensity (both lightning and native American ignited) fires has resulted in increasingly hazardous fuel loadings, altered forest structure and changes in mosaics of age class and species composition (Kilgore 1973) . State and Federal agencies are increasingly turning to prescribed burning as a tool to reduce fuels and restore fire as a natural process. In so doing they must address philosophical and policy questions as well as face a myriad of restrictions and constraints.
Specific challenges to the restoration of fire to the Sierra mixed conifer forest include understanding natural forest dynamics and the effects of fire suppression on those dynamics, dealing with multiple political and management constraints. and in the case of natural areas, resolving the question of whether aboriginal burning shculd be considered part of the "natural" scene . These questions influence the establishment of objectives fo1 managing a specific area while the latter constraints affect the level to which those objectives can be accomplished. Constraints of special concern include the presence of unnatural fuel accumulations (resulting in uncharacteristically large and intense fires), fragmented landscapes, the increasingly important wildland-urban interface, changing ignition patterns (e.g., arson), air quality limitations (burning is frequently limited by local air quality restrictions), agency funding, and threats of public liability. Progress made to date leaves significant doubts over the prospects of ever successfully restoring fire to its natural role in even the national parks of the Sierra Nevada (Graber 1994 ).
The fact that we now understand that presettlement fire regimes of the Sierra Nevada were actually characterized by long-term fluctuations driven largely by climatic variation (Swetnam 1993) further complicates efforts to restore natural fire. Improved understanding of the relationships between fire, vegetation and climate will be required to accommodate predicted future global climatic change (Overpeck et al. 1990 ). Should surrogates for fire (e.g., mechanical clearing or chemical treatment) need to be employed to reduce hazardous fuels over significant areas, an entirely new set of challenges will confront managers attempting to use ecosystem management principles in the Sierra Nevada.
Uncertainty, Surprise and Limits to Knowledge
There is much about the behavior of ecosystems that we have yet to learn, and significant challenges to learning it. Three types of uncertainty arise with different frequencies in ecosystem management (Hilborn 1987) . The first category of uncertainty includes the unknowable responses and true surprises that arise from the complex and ever changing character of ecosystems and their responses to perturbations that are unprecedented (at least to cument ecosystems). Such uncertainties cannot be eliminated or reduced, but their magnitude and relative importance can be estimated. Examples of such uncertainties include ecosystem responses to unprecedented rates of climate change, carbon dioxide enricliment, or. incieased ultraviolet radiation. They also include such rare events as mgteor impacts, earthqliakes. and volcanic eruptions. Finally, uncertainties of this type Ecosystem Management--Page 16 may derive from cumulative effects of multiple environmental changes, such as the accumulaton of insults to aquatic and marine ecosystems that have influenced populations of migratory fishes.
The second class of uncertainties arises from a lack of ecological understanding and principles upon which dependable ecological models can be constructed. Reduction of thes uncertainties is occurring and more progress is possible. However, controls and replication are often impractical in such research, and the extension of results across scales of time ans space is difficult at best (cf. Levin 1993) .
The category of uncertainty that can be reduced moit readily is that resulting from poor data quality, sampling bias. and analytical errors. Decision makers must work with scientists and data managers to determine an accetable level of decision error, Le., the probability of making an incorrect decision based on data that inaccurately estimate the true state of nature.
Box 8. Limits to knowledge in Marine Environments
Marine Photo
The vastness and three-dimensionality of the marine environment combined with an historical lack of necessary research incentives present unique limitations on our ability to acquire knowledge in these ecosystems. For example, recent discoveries of new habitats such as deep-sea vents (Grassle 1986) , cold seeps (Williams 1988) , and whale carcasses (Smith et al. 1989) , with attendant unique biological communities illustrate the depth of our ignorance of the range of marine habitats. Similarly, sampling of just the larger seafloor invertebrates on the continental shelfbreak only about 30-50 miles off the mid-Atlantic coast revealed 1202 species, 520 of which were new to science (Blake et al. 1987) . The presence of abundant small species of phytoplankters in the oceans, the picoplankton, has only been known since 1979 (Waterbury et al. 1979) . Genetic analysis has only recently revealed that certain species of importance to human society (notably the pollution indicator, Capitella capitata: Grassle and Grassle 1976 ; the universal biomonitor of water-column pollution, Mytilus edulis: McDonald et al. 1992 ; and certain corals and other reef invertebrates: Knowlton et al. 1992 ) are actually complexes of multiple species. Within-species genetic diversity is virtually undescribed for marine organisms (see Alberte et al. 1993) .
Scientists are obliged to tell decision makers what i s h o w n . is not known, could be known, and should be known (Carpenter 1980) . This dialogue leads to the identification and prioritization of uncertainties. Sometimes uncertainties can be reduced directly through investments in targeted research and technology. These are the simple cases; in other situations, barriers to learning are deeper. Some limits to knowledge are set by the. complex, nonliriear-nature of ecological systems (O'Neill et ai. 1986, Allen and Hoekstra 1993) . Other limits are set by ethical constraints to experimentation that risks human life or the existence of singular, irreplaceable ecosystems. Still other limits are set by economics. Principles of sustainability mandate that living resource harvest quotas involve a "safety factor" to account for uncertainty. If uncertainty is reduced, harvest can be increased but in some cases the value of the additional harvest is less than the cost of the research and monitoring necessary to reduce uncertainty (Walters 1986 ). Finally, institutional barriers to learning can limit our capacity to reduce uncertainty (Lee 1993) . For example, management agencies often lack systematic plans for learning, which should include prioritized listings of identified uncertainties, methods for reducing important and tractable uncertainties, procedures for evaluating existing actions, and mechanisms for retaining new knowledge in the memory of the institution (Hilborn 1992) .
Adaptive management is a process that combines democratic principles, scientific analysis, education and institutional learning to manage resources sustainably in an environment of uncertainty (Holling 1978 , Lee 1993 . Clearly, ecosystem management must be adaptive. In adaptive management, science makes crucial contributions through normal scientific research and education; models; and design and analysis of unique experiments at the scale of management (Holling 1978 , Walters 1986 , Matson and Carpenter 1990 , Ktchell 1992 , Lee 1993 ).
Humans as Ecosystem Components
Not only is the science incomplete, the system itself is a moving target, evolving because of the impacts of management and the progressive expansion of the scale of human influences on the planet ...
C.S. HoZling, I993
Ecosystem management is at least as much about managing human activities as much as it is about managing lands and waters. A major promise of ecosystem management is its potential to integrate human activities and conservation of nature. Can ecosystem management deliver what it promises? Can human activities and natural processes be integrated to the benefit of both? All conceptualizations of ecosystem management include humans as part of the ecosystem, yet the proper role of humans in the ecosystem is a topic of much debate (McDonnell and Pickett 1993) .
Conventional views of humans as lords and masters, stewards, protectors, or destroyers of nature all have their limitations. At one end of the spectrum in the current debate are wilderness purists who appear to believe that all management is bad, and that the best we can do for natural ecosystems is to leave them alone. This view ignores the fact that most ecosystems have already been substantially altered by human actions and are isolated and removed from their normal ecological context. At the other extreme are those who believe that human actions generally improve nature, and that no areas should be closed to intensive human activities such as commodity extraction and motorized recreation. A scientifically defensible and comprehensive view of ecosystem management has yet to be articulated, but is certainly somewhere between these two poles.
I Box 9. Human impacts are ubiquitous and complex: the Bering Sea Ecosystem
The Bering Sea is one of the world's most biologically productive marine regions Most noteworthy are its many species of large marine mammals, its variety of seabirds anc its diversity of fish and shellfish. The Bering Sea ecosystem includes 450 species of fish crustaceans and mollusks, of which 50 species are commercially important. These fish a n d shellfish are a food source for millions of seabirds and at least 25 species of marine mammals These biological resources are the foundation of the subsistence economy and culture of the indigenous peoples inhabiting the margins of the Bering Sea, and their cultural integrity is dependent upon the continued availability of these resources.
Commercial interests from the United States, as well as from Russia, Japan , Poland, Korea, Taiwan, and China have also exploited these resources during the past 200 years! taking a variety of species including fur seals, whales, sea otter, salmon, crab, shrimp, halibut, cod, herring, sole, flounder, rockfish, sablefish, and walleye pollock. Marine mammals are no longer harvested commercially, but production of fish and shellfish from the Bering Sea contributes at least 5% of the world's fishery production. Except for salmon, which have supported a commercial fishery since the turn of the century, the commercial utilization of the fish and shellfish resources of the Bering Sea began about 1950. In the early years of fishery development, stocks were aggressively harvested with little regard for sustainable use. By the mid-1970s, rockfish (most significantly Pacific Ocean Perch), and halibut stocks had been severely reduced. King crab populations and fisheries collapsed in the late 1970s. The 1980s saw a complete shift in the exploitation of the valuable groundfish resources of the U.S. EEZ from predominantly foreign to exclusively domestic.
Recent declines in the populations of some Bering Sea marine mammals and That human demand for the goods and services will increase is certain and makes sustainable ecosystem management all the more compelling and important. Over the past five decades, our numbers have grown from 2.5 to nearly 5.7 billion. Depending on assumptions upon which such predictions are based, human populations will likely reach 7-9 billion by the year 2020. The reality that the resources upon which our populations depend are delivered from ecosystems in finite quantity has never been more clear. Even more daunting is the reality that the capacity for delivery of such resources is not distributed uniformly across the globe or in patterns the necessarily correlate with the areas of greatest human demand.
It is also equally certain that demands for the different kinds of goods and services provided by ecosystems will change. The "frontier," as our forebears viewed it, is gone.
Two centuries ago, it was possible for our nation to disturb and deforest virtually its entire eastern half, leaving almost no trace and only a fragmentary understanding of its presettlement forests. We now understand that the management of the nineteenth century has left us with impoverished landscapes, and we have come to value all the more the few areas of pristine habitat that remain intact.
Many of our most celebrated "environmental trainwrecks" are not disputes between the "rights of nature" versus the human demands for resources, rather they are conflicts among competing human demands. In the Pacific Northwest, so long as demand was light, forestry was not seen as competing with the commercial anadromous fishing industry. Today, those competing demands are a core issue in the development of sustainable management strategies for Pacific Northwest Forests.
The mismatch between the spatial and temporal scales at which humans make resource management decisions and the scales at which ecosystem processes operate present the most significant challenge to ecosystem management. Boundaries between ownerships and jurisdictions rarely match with the domain of ecosystem processes. Such mismatches are often at the basis of human conflict. For example, rivers more than any other natural feature form the borders between counties, states, and countries, and thus invite conflict over the management of resources dependent on water-driven ecosystem functions.
What such resource disputes demonstrate are the limitations of hcman institutions to achieve consensus regarding the setting and achieving of resource management goals and objectives across increasingly large scales of time and space. Few would deny concerns over such regional resources as the forests of the Pacific Northwest or the North Atlantic Fishery. However, we have identified few mechanisms to translate the actions occurring within individual forest ownerships or local fishing communities into strategies to reconcile competing demands for resources or promote a regional vision for sustainability.
Humans and Naturalness
"Natural" is one of the most ambiguous terms in our language, yet persists in usage because it signifies something of great esthetic and spiritual importance to many people. Although naturalness is often assumed to be unmeasurable, Anderson (199 1) offered three criteria for assessing the relative naturalness of any area: (1) the amount of cultural energy required to maintain the system in its present state; (2) the extent to which the system would change if humans were removed from the scene; and (3) the proportion of the fauna and flora composed of native versus non-native species. For example, a natural forest ecosystem that can take care of itself, would change little (barring stand-replacing disturbance) if we left it alone, and is made up of native species, is more natural than a tree farm. A natural forest is therefore more easily sustainable than a tree farm, and sustainability is one useful measure of success in ecosystem management.
A strict dichotomy of natural versus unnatural breaks down when humans are considered part of an ecosystem. The Darwinian revolution united humans and nature in the most fundamental way--by origin, However, human cultural evolution has led to behaviors and artifacts that are qualitatively distinct from the rest of nature. The "everything is natural" view is just as dangerous in natural resources management as it is in human social behavior. Behaviors that are quite natural and which contribute to individual fitness may nevertheless be destructive in society or in natural ecosystems.
Natural is a relative rather than absolute concept. Small "natural areas" in a sea of development are heavily affected by their surroundings (Burgess and Sharpe 1981, Noss 1983 ) with edge effects known to penetrate great distances from their boundaries (Wilcove et al. 1986 ). Even the largest and most remote wildemess areas are not immune to effects of industrial civilization such as global warming, stratospheric ozone depletion, and longdistance transport of pollutants. Thus, no purely natural areas exist anywhere. Yet few would disagree that a remnant of virgin forest or tallgrass prairie is more natural than a clearcut or a shopping mall.
Natural areas, even if less than pristine, have a critical role to play in society and in ecosystem management. One of the greatest potential values of natural areas is as benchmarks or control areas for management experiments. This value was recognized by Aldo Leopold (1949) , who pointed out that wilderness provides a "base-datum of normality" for a "science of land health." Scientists shudder to think of experiments without controls, but this is the case for much of current natural resource management (Noss 1991) . Existing natural areas are imperfect baselines for many reasons, but they are the best we have. Ecosystem Management, because it is essentially experimental and adaptive, requires natural areas as controls. The importance of of ecosystem representation as a conservation goal, as well as the concept of endangered ecosystem, is discussed in Appendix 2.
Thus, the naturalness idea remains useful but is in need of significant revision if it is to contribute to enlightened ecosystem management. In many situations the term "historic" can be substituted for "natural" to describe the condition of a landscape before substantial alteration by human activity. Many agencies have goals to reconstruct landscapes to some historical condition (say, as described by an early naturalist such as William Bartrani) or alternately to simulate a natural or historic condition or process with current management. Restoration projects rely on historical models of some type. However, for ecosystem management it is important to recognize that any point in time is a single frame in a very long movie. Returning to a specified historic condition may not be possible; rather, a more sensible goal may be to restore natural disturbance regimes, hydrology, and other ecological processes (Noss 1985) that maintain biological elements of interest. Reconstructions of presettlement vegetation or studies of remaining natural areas in the region are virtually essential for restoration projects based either on pattern-or process-oriented goals.
Given the dependency of heavily managed ecosystems on subsidies from less intensively managed systems, protection of natural areas in reserves is an essential component of an overall ecosystem management plan. A broad range of experimental treatments and corresponding control areas will be needed to answer many of the most important scientific questions related to ecosystem management.
The goal of preserving an area in its ''natural" state presents significant challenges to the process of ecosystem management. Along and ubiquitous influence of human activities has both muddled our ability to define what is natural and greatly complicated the task of restoring and maintaining natural ecosystems. The combination of human-caused impacts ( e g , air pollution, fire suppression, introduction of alien species, or habitat fragmentation) and natural environmental change has disrupted ecological systems to the point that the composition, structure and processes characterizing the "natur$ness" of the area must often be first restored (White and Bratton 1980, Jordan et al. 1987) , In many cases the best we can hope for is an approximation of naturalness that minimizes the influences of human technological activities.
Science as a Model for Ecosystem Management
The greatest triumph of a scientist is the crucial experiment that shatters certainties of the past and opens up new pastures of ign oran c e.. .
William D. Ruckelshaus
What do you mean you don't know how many acid lakes there are?
The acknowledgment of uncertainty is the basis for adaptive management (Holling 1978 , Walters 1986 , and Lee 1993 . Given that we still have much to learn about the behavior of ecosystems, science is, in fact, the most appropriate model for the adaptive management of ecosystems.
At root, science is little more than honest question asking that considers all knowledge provisional and open to discussion. Hypotheses based on specific expectations derived from models of how the world works are tested by observations or experiments that acknowledge the limitations of bias and precision. In some cases our models of how the world work are refined or reinforced, in others they are proven to be inadequate and are replaced.
Managers, as well as those they serve, must accept that knowledge and modes of understanding related to ecosystem function and best management practice are provisional and subject to change with new information. In this context, management goals, protocols, and directives should be viewed as hypothetical means to achieve clearly stated operational goals. Monitoring programs then represent specialized kinds of research programs designed to test the hypothesis that current management will achieve the desired goals.
Goals and Expectations
It is often the case that our overarching goal in management is the sustained provision of many goods and services. For example, goals for a large forested ecosystem might include fiber production, water provision or control, hunting and fishing, recreation, and preservation of biological diversity. As a prerequisite for adaptive management, such broadly-stated goals must be translated into specific operational objectives and expectations. The phrase "desired future condition" has been widely used in literature as a euphemism for such operational objectives although, given the dynamic character of ecosystems, "desired future behavior" might better capture objectives. Thus, to determine whether management activities are leading toward desired goals in our hypothetical forest ecosystem, expectations might be expressed in terms of forest productivity or age-class distribution, water flows, wildlife population sizes, human visitation, and status of rare and endangered species, respectively. It is essential that such expectations be stated in terms that relate to specific measurements that can be incorporated into monitoring programs.
Objectives and expectations should not be stated solely in terms of the management activities themselves. For example, where a natural disturbance must be simulated such as with prescribed fire, the management program should not have as its sole goal the reintroduction to or maintenance of disturbance in the ecosystem. Rather, the implementation of a prescribed fire program should lead to specific expectations with respect to key ecosystem properties and processes such as biological diversity, nutrient availability, species recruitment, etc. (Christensen et al. 1989) .
Models
Knowing exactly what to expect from complex systems is a nontrivial challenge, and models are essential to meeting this challenge. Models take the form of simple compartment diagrams that provide a means of organizing information or expressing connections and relationships, or they may be developed a$ complex computer simulations that allow us to depict processes operating through time and across landscapes.
It is not possible to design monitoring programs to measure the dynamics of every species and ecosystem process. Models can be useful in identifying particularly sensitive ecosystem components or in setting brackets around expectations for the behavior of particular processes. They can be especially useful in identifying indices and indicators that provide a measure of the behavior of a broad suite of ecosystem properties. Finally, models often provide useful tools for exploring alternative courses of action (Lee 1993) .
Modeling is often criticized because of its blatant attempt to simplify the complexity inherent in ecosystems, but that is indeed its virtue. Lee (1993) characterized models as "indispensable and always wrong." He goes on to say, predictions of [ecosystem] behavior are ... incomplete and often incorrect. These facts do not decrease the value of models, but they do make it clear that ecosystem models are not at all like engineering models of bridges or oil refineries. Models of natural systems are rarely that precise or reliable. Their usefulness comes from their ability to pursue the assumptions made by humans--assumptions with qualitative implications that human perception cannot always detect.
Mon it0 ring
Monitoring refers here to data gathering and analysis focused on management expectations and designed to test the success and efficacy of management actions. Within the framework of ecosystem management, monitoring programs should be designed to determine whether management actions &e moving the ecosystem toward desired future conditions and trajectories, i.e., toward goals and expectations.
Monitoring programs should be based on accepted rigorous statistical sampling designs and pay particular attention to issues of precision and bias in data gathering. Nevertheless, true replication of measurements is often impossible and in some cases sample sizes are necessarily small. Bias in data gathering is often unavoidable owing to patterns of ownership, accessibility of areas, or limited sample techniques. These limitations are not an excuse not to establish monitoring programs, but they should be reflected in any conclusions regarding the effectiveness of management actions (Holling 1978 , Walters 1986 The design, development and maintenance of monitoring programs requires commitment and long-term vision. In the short term, such programs represent an additional cost and are particularly hard to maintain where personnel are not necessarily permanent. In some cases, necessary measurements can be ,quite costly. However, it is also true that monitoring can provide a basis for understanding the costs of particular management interventions. The scientific community has much to contribute to the development of programs that will maximize information return relevant to specific management goals while minimizing costs.
A decision to continue, modify, or abandon a management strategy is conditioned by perceptions of the magnitude of consequences if we are wrong, as well as value systems associated with those consequences. Within the framework of ecosystem management, we must focus on decisions that present the greatest risk to long-term sustainability.
Data Management and Timely Feedback
Enormous amounts of ecosystem data are gathered by a wide variety of private and public resource managers, but complaints of inaccessibility and incompatibility are common. Standards for data gathering are better developed in some areas (e.g., hydrology and climate) and nonexistent in others (e.g., biological diyersity). Furthermore, it is too often the case that budget limitations, institutional structures, or personnel changes result in the loss of valuable information.
Advances in computer networking and information storage now provide the means to organize, access, and distribute large quantities of data. Institutional structures should guarantee that such information is fed back to managers in a timely fashion and in a form that is directly relevant and accessible to their management activities.
Research
There is much that we do not know or understand about the structure and function of ecosystems. Feedback from adaptive management will certainly reduce our level of ignorance, but research focused on a more detailed understanding of ecosystem processes is critical. Research programs driven solely by the immediate needs of management risk overlooking new insights and opportunities, however, programs that are innocent of an understanding of public concerns and priorities risk being irrelevant.
Scientists should not labor under the illusion that management is limited simply by the supply of data or that communication is a unilateral problem of information flow to managers. There is an infinitely large array of potentially interesting problems that the research community might wish to tackle, but only a considerably smaller subset of that array is relevant to compelling management questions. Open lines of communication between managers and researchers are critical to the setting of priorities for specific research needs.
Education
There is clearly a need for additional education if successful adaptive management systems are to be developed. Managers have much to learn with regard to the setting of goals and expectations, monitoring, and data handling, and scientists require greater understanding of the priorities of and challenges to ecosystem managers. However, public education is critical. The limited Public understanding of how science is done, much less the nuances of specific scientific issues, presents special challenges to adaptive management. Public expectations of both managers and scientists are often unrealistically high, a situation that is sometimes fostered by actions and statements of managers and scientists. It will be unlikely that society will accept ''science as a model for ecosystem management" in the absence of a clearer understanding of the importance of uncertainty to both science and management.
Clearly, ecosystem management requires application of ecological science to natural resource actions. Moving from concepts to practice is a daunting challenge and will certainly require the following steps and actions.
Defining Sustainable Goals and Objectives
Critics argue that ecosystem management is little more than a collection of strategies aimed at reducing extractive use of natural resources and preserving natural ecosystems. Although maintaining biological diversity and establishment of wilderness preserves may be important strategies in an ecosystem management plan,'and in some areas maintenance of natural systems may be a central goal, ecosystem management should be seen as the collection of protocols and actions that allow us to deliver the essential goods and services of ecosystems in perpetuity. Ecosystem management does not deny the need or wish to harvest fiber from our forests, fish from our coastal waters or lakes, or energy from rivers and streams, it simply confronts the reality that in order to meet these needs or wants sustainably, we must value our ecosystems for more than economically important goods and services. Given the reality of human population growth and increasing demands for ecosystem goods and services, the issue of sustainable management is especially compelling.
Only a small minority would consciously advocate policies or activities that would diminish the capacity of ecosystems to provide, at levels that we enjoy today, goods and services to future generations. Indeed, sustained capacity and potential are legally mandated requirements for most public agencies charged with the stewardship of natural resources. What we have learned is that, however good our intentions, management that focuses on commodity resources alone, that does not acknowledge the importance of diversity and complexity, that is not aware of influences of and impacts on surrounding areas, and that concerns itself with short time frames is not likely to be sustainable in the long term.
Sustainable strategies for the provision of ecosystem goods and services cannot take as their starting points statements of need or want such as mandated timber supply, water demand, or arbitrarily set harvests of shrimp or fish. Rather, sustainability must be the primary objective, and levels of commodity and amenity provision adjusted to meet that goal.
Aeconcil ing Spatial Scnl es
Implementation of ecosystem management would be greatly simplified if the spatial scales and borders of management jurisdictions were congruent with the behavior of processes central to sustained ecosystem function. This is rarely the case for any particular ecological process, and, given the variation in spatial domain among processes, a perfect fit for all processes simultaneously is virtually impossible. Thus, reconciliation of objectives and actions of the various stakeholders within the domain of an ecosystem must be a central element in implementation of sustainable management strategies. "Because ecosystems exist at several geographic scales, so, too, should efforts to coordinate activities that affect them" (Government Accounting Office 1994).
In some cases, stakeholders may be identified by simply matching maps of ownership with the appropriate ecosystem boundaries, such as the domain of a watershed. More often, stakeholders also include parties who have no title or legal jurisdiction, but are dependent on or have an interest in the goods and services provided by an ecosystem. For example, communities dependent on clean water delivered from a watershed are obvious stakeholders in the management of that watershed. In other situations, such as the management of old growth forests in the Pacific Northwest or populations of marine Ecosystem Management--Page 25 mammals in coastal waters. the network of stakeholders is very complex. People who may never visit a Douglas-fir hemlock forest or see a humpback whale nevertheless have strong commitments to their conservation as evidenced by a willingness to support nongovernmental organizations focused on these issues. They too are undeniably stakeholders.
Box 10. Ecosystem Management of the Great Barrier Reef.
Coral reef ecosystems have long been treasured by both ecologists and the general public for their biodiversity, complexity, and beauty (Darwin 1842 , Connell 1978 . The primary economic value of these ecosystems has traditionally been the opportunities they afford for observation and recreation. However, in recent years, increased consumptive uses of coral reef ecosystems and various polluting activities on land have created the potential for destroying their integrity and diminishing the services they provide. The Greal Barrier Reef Marine Park Authority has developed a model ecosystem management plan tc protect one of the world's most diverse coral reefs (Kelleher and Kenchington 1992) .
The Great Barrier Reef Marine Park is not a National Park, but rather a protected area managed for multiple uses, with integrated oversight by the Great Barrier Reef Marine Park Authority (GBRMPA). Zoning is the tool used to allow, yet separate, conflicting usages. A few activities such as oil and gas exploration, minerals mining, littering, spearfishing by SCUBA, and taking of some larger fishes, are prohibited throughout the Park. Three main zones are identified: (1) preservation zones, where only strictly controlled scientific research is allowed; (2) marine national park zones, where permitted uses are scientific, educational, and recreational; and (3) general use zones, where various uses are permitted including recreational and commercial fishing using practices compatible with the maintenance of ecosystem integrity. In addition, smaller, special-use zones are designated to protect critical breeding or nesting sites, or to provide important protection for natural areas or research. To cope with increases in ecotourism on the reef a special tourist strategy has been adopted to allow viewing of the natural reef free of the impacts of fishing, but restricting floating structures to specific areas.
I
Ecologically sustainable utilization. is the core principle of the GBRMPA. Public involvement and education are critical to this ecosystem management plan which emphasizes public accountability, efficiency of operation, minimization of regulation. adaptability to changing circumstances, and scientific credibility. Preservation zones provide the "touchstone" for evaluation of patterns of change in overall ecosystem behavior.
c
This committee was not charged with exploring the intricacies of strategies for identifying stakeholders and reconciling conflicts among their interests and objectives. Nevertheless, we do recognize this as one of the greatest challenges to implementation of ecosystem management, and that the success of any ecosystem management plan depends on the identification and involvement of stakeholders ''up front" in the planning process. There is a growing literature on the theory and practice of conflict resolution (see for example Lee 1993 ) and a growing number of case studies where ecosystem management strategies have been implemented despite complex patterns of jurisdiction and a multiplicity of competing interests (Box 10).
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Reconciling Temporal Scales
Ecosystem management must deal with timescales that transcend human lifetimes and almost certainly exceed the timelines for other political, social and economic agendas. Public and private management agencies are often forced to make fiscal year decisions about resources whose behavior is better measured in centuries. Given sufficient time and space, unlikely events are certain to happen, however, managers are rarely prepared for such surprises.
To implement ecosystem management, we must devplop strategies that incorporate long-term planning and commitment, while recognizing the need to make short-term decisions. Ecosystem management is not an antidote for surprise; rather, it is an approach to management that acknowledges that unlikely events do happen (Holling 1993) .
Making the System Adaptable and Accountable
Successful ecosystem management depends on institutions that are adaptable to variations and changes in ecosystem characteristics, as well as changes in our knowledge base. Ecosystem managers must acknowledge ignorance and uncertainty and adaptive management must be an integral component of ecosystem management implementation. As indicated above, managers must recognize that knowledge and understanding are provisional and see their activities as experimental.
That management should be viewed as experimental, is not to advocate capricious implementation of untried or avunre garde actions. It is rather to acknowledge the limits of our understanding of the consequences of even conventional management procedures to the complex array of ecosystem components and processes necessary for sustained function. Lee (1993) outlines a number of institutional conditions that affect the implementation of experimental approaches to management. Decision makers must be committed to improving outcomes over biological timescales, be aware of the experimental nature of management and be willing to accept the risk of perceived failures. To do this, managers and decision makers must have the understanding of stakeholders and a mandate for action in the face of uncertainty. Managers who portray certain knowledge engender.like expectations from the public and justified condemnation when policies fail or actions result in surprises.
Changes in organizational cultures and commitments will be critical to the implementation of adaptive management (Lee 1993) . Resources must be sufficient to implement appropriate monitoring systems, some of which may require measurements at very large scales. Furthermore, there must be sufficient institutional stability and sustained commitment to measure long-term outcomes. Monitoring and research programs are likely to add significant costs to management in many cases and their added value may not be realized in the short term.
Institutional cultures must encourage learning from experience and research. Enhanced communication among scientists, managers, and decision makers is essential. There is a clear need for partnerships between the scientific and management communities (Likens 1992) .
The Role of Scientists in Ecosystem Management
"Science as a model for ecosystem management" rings a bit hollow without attention to scientist's involvement with managers and the public in adaptive management processes. Clearly ecological science is critical to the development and refinement of models necessary for effective management. But, this is not simply a matter of unilateral information flow--scientists telling managers what is important. While management is starved for information, the needs are often quite particular. Communication must flow in both directions, and the scientific community must understand what pieces of information are critical and be willing to prioritize its research accordingly.
Scientists have much to offer in the development of monitoring programs. They can assist in the development of sampling approaches and statistical analyses that will increase precision and minimize bias. Models can help in the identification of key indices of ecosystem function that can reduce monitoring costs. Scientists have much to gain from assisting in this area. Although monitoring efforts may not be designed to address basic research questions, it is the case that such data sets have provided a wellspring of long-term information to research.
Delivering a refereed journal publication to a managerk desk is not sufficient if we wish our best science to move quickly into management application. We must develop improved means to communicate effectively and clearly the results of management experiments, as well as basic research. This may call for the development of a new type of professional with an understanding of the scientific, management, and social issues, and the ability to communicate with scientists, managers, and the public. The need for adaptive management is certainly a persuasive argument for a continuous training philosophy aimed at keeping managers and researchers informed as our needs and knowledge base change.
Epilogue
Biblical lore to the contrary, it might be argued that natural resource management was in fact the first of human professions. The successes and failures of human societies on this planet have been and will continue to be inextricably linked to cycles of resource use and ecological change.
If the creator were a corporate manager, he or she might well pose the question, "has human management added value to the earth?" From a purely human perspective, the reply would likely be an emphatic yes. After all, there are now 5.5 billion of us.
But, any corporate manager knows that, when inventories are depleted and the physical plant is allowed to deteriorate, it is possible to make money in the short term while watching your net worth waste away. Such is the road to bankruptcy. Businesses routinely make decisions with short-term costs, but obvious benefits to their long-term sustainability .
This metaphor captures the sense of intergenerational equity and the stewardship responsibilities that are central to an ecosystem management philosophy. Ecosystem management is the ecological analog to the economic stewardship of a trust or endowment dedicated to benefit all generations.
Ecosystem management is not a rejection of the anthropocentric for a totally biocentric world view. Rather, it is management that acknowledges the importance of humans needs while at the same time confronting the reality that the capacity of our world to meet those needs in perpetuity has limits and depends on the functioning of ecosystems. recognized, inventoried, and protected? In California, for example, should we recognize 52 wildlife habitat types (Mayer and Laudenslayer 1988) , 375 natural communities (Holland 1987) , or something in between? Because ecosystems at any level of classification can become endangered (Noss et al. in press ), a hierarchical classification with cross-walks to other classifications is needed. The classification used in a particular case will depend on which level of hierarchy works best for the spatial scale or level of detail desired. The Nature Conservancy is developing a hierarchical classification of vegetation consistent with a global UNESCO framework and has completed a preliminary series-level (i.e., dominant plant species) classification for the westem U.S. (Bourgeron and Engelking 1992) . Endangered Ecosystems individual species. It also involves the loss and degradation of habitats, species assemblages, and natural processes. Such losses represent biotic impoverishment at an ecosystem level of organization. Loss of biodiversity at the ecosystem level has been most severe in the temperate zone because this region has been so intensively settled and exploited by people. As natural ecosystems decline in area or are degraded in structure, function, or composition, the species associated with them also decline--hence, an everexpanding list of endangered species. Protecting and restoring endangered ecosystems may be a more efficient way to protect rare species than managing them one by one. The associated strategy of representation takes this idea one step further by securing viable examples of all ecosystem types in a network of protected areas (see box on ecosystem representation).
reviewed and synthesized data on endangered ecosystems in the United States. Ecosystems were defined generally and included vegetation types, plant associations, natural communities, and habitats defined by floristics, structure, age, geography, condition, and other ecologically relevant factors. Data were variable in quality, but for each ecosystem type, the most reliable and recent estimates of loss or degradation were cited. All estimates of ecosystem losses >50% are reported, as well as some other documented losses (for example, of wetlands) of 4 0 % for comparison. Noss et al. (1995) identified those ecosystems at greatest risk. Grasslands and savannas stand out in the top category of "critically endangered," but in the larger list wetlands and forests appear just as imperiled. Aquatic and near-shore marine systems, though under-represented in terms of number of "types" imperiled, have been seriously degraded throughout the nation. For example, 8 1 % of fish communities nationwide are adversely affected by human activities and 98% of streams are degraded enough to be unworthy of federal designation as wild or scenic rivers (see references in Noss, LaRoe and Scott in press). Losses of all kinds of ecosystems have been most severe in the South, Northeast, Midwest, and California, but no region of the U.S. has escaped damage. because no comprehensive program to conserve ecosystems has been in place in the United States. Ecosystem management can contribute to ecosystem conservation if it places high priority on identifying and mapping ecosystem types that have declined greatly in extent or quality, then puts in place programs to protect and restore these types. Many scientists have suggested that some kind of "endangered ecosystems act" or similar legislation may be needed to achieve ecosystem conservation in the U.S. (Ehrlich and Ehrlich 1986 , Noss and Harris 1986 , Hunt 1989 , Orians 1993 .
The biodiversity crisis involves more than the endangerment and extinction of A recent U.S. Fish and Wildlife Service report (Noss, LaRoe, and Scott in press), Endangered and threatened ecosystems have declined to their present condition L
